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4Wfts«-forttre Hine Machlnlna of the Toothed Geait, of a Gearfe 



Background of the Invention 
relates to a process for the fine machining of the toothed gears of a 


The desire for weight reduction and noise reduction in motorized vehicles necessitates 
that also the gearboxes are manufactured more carefully and precisely. This leads to the 
necessity of having the gear teeth of gearbox gears, which until now had been often only 
shaved in the soft state and then hardened, undergo fine machining after hardening. 

In conventional designs of today's manual shift transmissions, more than 70% of all 
toothed gears are disc-shaped, that is, the diameter is larger than the width, and they 
usually have a cylindrical boring. 

The commonly and widely used technology for the manufacture of such typical 
transmission gears of motorized vehicles is thus the following process: 

- machining of the unmachined part on a lathe, boring with grinding allowance, 

- rough forming of die gearing in the soft state with mounting in the pre-worked boring, 

- hardening 

- clamping of the gear in the teeth and grinding of the boring 

- clamping of the gear in the boring and grinding of the teeth 

Both steps of the hard-fine machining are relatively elaborate and therefore expensive. 
That is also a reason why today still much gearing is shaved in the soft state to the 
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dimensions tastead of being M fine-machined. The dtslorUons pmduced 
during hardening me reluctantly accepted, while one attempts to mmtenze them usutg aU 
possible countermeasures. As mentioned, however, to many modem fcansmisstons. such 
geM s which have only been shaved do not meet the requirements anymore. 

The boring camu* remain without hard fine-n^hining, since mostly such a gear is 
guided with needle barings on me gear shaft which requires a very precise and fine 
boring surfitce. For the machining of the boriog, the woftpiece is notmally clamped m 
the pte-worted gearing to gttaramea a good circuiar running to me boring. Pretty «ms 
clamping in me gearing, however, is deHcate and expensive. It is no, only that me means 
for the clamping of ead. gear have to be manufactured separately, bu, also that due to 
their complexity and tendency ,0 become dirty and deteriorate toy are no, liked in mass 
production. 

' A good circular xunning is in all cases necessary, regardless of whether or not the teen, 
3* hard-tine machined afterwards. If, however, a hard fine-machining of the teeth as 
provided, then again an expensive clamping means for a highly precise fixing » the 
boring is necessary. Such clamping means are mostly designed as hydraulic expandable 
clamping arbor with a cyUndrical mounting zone. 

Summary of the Invention 

It is the object of the present invention to disclose a process with which the hard fine- 
J^ m addSf the transmission gears of motorized vehicles can be rationalized and 
^ f improved and>ich manages with far simpler and less expensive clamping means. 

According to the invention, the machining of the teeth and of the boring of gears is 
performeoXthe same fixing and simultaneously. In doing so. the fixing of the workpiece 
is designed —ay that the surfaces to be machined remain freely accessible to the 

appropriate tools\ Besides «" *** S ^ * v*""***** 0 * * S °' 
automatically a mining runout between the boring and the gearing is achieved; also 
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the expensive fixing means for clamping the workpiece in the gearing as well as 
thereafter inife>horing for the grinding or honing of the gearing are eliminated. 

ThViroplementation of the process according to the invention is made possible thanks to 
severSwcific characteristics on disc-shaped gears, as can be found in, for example, the 
transimsSs of motorized vehicles, and the availability of the continuous machining 
process, for^ample for the continuous generating grinding process, which requires a 
rapid and continumWation of the workpiece for the machining process. The rotational 
movement is used siimnW>us with me «™=Mmng of the gear in order to machine the 
boring in a known manner, for^example, through internal grinding or honing. 

As mentioned above, according to current practice, the hardened workpieces are in roost 
cases clamped in the gearing for the grinding of the boring. This is mainly for 
manufacturing-related technical reasons. On the one hand, such workpieces can hardly be 
fixed differently for this machining; on the other hand, the hard machining of the gearing 
to follow it is an elaborate and expensive process, and therefore one attempts to keep the 
machining allowance as small as possible. In order to obtain a proper grinding of all of 
the tooth flanks despite small machining allowance, it is thus necessary to machine the 
boring as precisely as necessary running concentric to the pre-machined gearing. It is 
obvious that the precision of such a clamping in the gearing has its limits, since the 
distortions by hardening cannot be avoided. Clearly functional reasons speak for the 
highly precise fixing of Ihe workpieces in the boring for the fine machining of the 
gearing, it is exactly here where the running quality of the gear is to be produced. 

If the workpiece is fixed in such a way that the gearing and the boring can be machined 
simultaneously, one can avoid the highly precise mounting because a perfect circular 
running between both of the functional surfaces is automatically produced . 

Such a mounting can be achieved if both chamfers of the boring or one chamfer and a 
plane surface or the outer surface of a hub or a collar of the workpiece is used for 
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centering by means of fitting centering pieces, wherein at least the centering piece on the 
side of the boring machining tool must have a through-boring. 

Rrief Desc ri ption of th e Drawings 

In the following, embodiment examples of the invention are explained with reference to 
the drawings in which: 

Fig. 1 shows one version of the arrangement of the machine components for the 

implementation of the process according to the invention. 

Fig 2 shows an enlarged cross-section from the illustration according to Fig. 1 . 
M= Fig. 3 shows a version of a workpiece fixing with planar-side support and centering over 

~ a chamfer of the boring. 

1 Fig. 4 shows a version of a workpiece fixing similar to Fig- 3, however, with exchanged 

m 

Ll centering pieces. 

is? = 

f Detailed Desc ri ption of the Pr*frrr<«l Kmbodiments 

O Fig. 1 shows a first embodiment of the invention. On a continuously working gearing 

u grinding machine with workpiece slide 1, spindle head 2 with workpiece spindle 3 and 

m tanstock 4, the workpiece 6 is ground in its gearing 7 by means of a worm -shaped 

U profiled grinding wheel 5 and simultaneously in its boring 8. The workpiece 6 is mounted 

between the driven centering 9 acting as a driver which is clamped in the workpiece 
spindle 3, and the idle tailstock centering 10. For the movements of the tool 11 on the 
inner grinding spindle 12 for the grinding of the boring 8 of the workpiece 6, arranged on 
the tailstock slide 4 is a cross slide 13 consisting of the feeding slide 15 and the slide 14 
for its stroke of the tool 11. The tailstock centering 10 is rotatably supported in the holder 
1 6 which, in turn, is tightly screwed onto the tailstock slide 4. 

Fig. 2 Vhows an enlarged cross-section. The workpiece 6 is fixed using centerings 9 and 
v ft V 10 in ite^hining position over its two chamfers 17 and 18 on the faces of the boring. 
& / The opposnisurface of the chamfer 1 7 at the idler 9 within the range of its support zone 
J I 19 is covered Wirti a covering made of fine diamond or another hard material grains. In 
doing so, the torLe necessary for providing the machining force, especially for the 


Venerating grinding of the gearing 7, is slip-free transferred to the workpiece. The axial 
pressing force for achieving the necessary torque is applied by the centering 10 through 
the bearing 23 from the holder 16, Not only the centering 9 but also the holder 16 are 
designed such that they lie outside of the collision contour 20 of the grinding worm 5. 
The centeringHo has a coaxial through-boring 35 and the centering 9 has a coaxial 
terminal boring 36>Both borings 35, 36 are slightly larger than the finished diameter of 
the boring 8 of the ge^L This is for an unhindered accessibility of the bore by the tool. 

In Fig. 3, the workpiece is mounted by means of centering 10 and 30 into its machining 
position* In comparison to the variant of Fig. 2, in this case, the workpiece 6 is held 
through the driving side centering 30 not in the chamfer of the boring, but instead is 
centered at the usually available coupling gearing 21 and is driven by the ring-shaped 
face 22 which, in turn, is covered with hard-material grains. On the side of the tailstock, 
the workpiece is, just as showi* in Figs. 1 and 2, supported on its chamfer 18. Via this 
chamfer 18, again the axial force necessary to ensure the drive transmission of the 
workpiece over the frontal surface 22 is provided 

In Fig. 4, another version of a workpiece fixing is illustrated in which the workpiece 6 is 
centered on the driving side in the chamfer 1 7 of the boring 8 by means of a hard-material 
grain covered carrier surface 19 and is supported on the side of the tailstock by a counter 
bearing 24 over the face 25 and the holder 1 6. 

The described types of fixings of the workpiece according to Figs. 2 to 4 require a certain 
minimal size of the corresponding chamfers at the workpiece, so that the centering can 
properly be assured As a rule, a slight enlargement of the chamfer can be performed well 
because, in the built-in state of the gear in the area of the ends of the borings, the cages of 
the needle bearings are located and therefore these zones of the boring are not used . The 
inner diameter of the centering 9 and 10 is purposely arranged to be slightly larger than 
the finishing diameter of the workpiece boring 8, so that the tool can machine inward 
unhindered 



If a plane surface 27 on the workpiece 6 (refer to Figs. 3 and 4) should be machined in 
the same mounting, the outer or inner diameter 26, 29 of the centering 10, 24 has to be 
dimensioned such that a plane machining tool 28 has unhindered access for machining of 
the surface 27. In the version according to Fig. 3, the tool 28 is of course displaced in the 
circumferential direction with respect to the grinding worm 5, such that the machining 
can be performed simultaneously. With a correspondingly available arrangement, for 
example, an additional grinding spindle with plane grinding disc, also this machining 
operation can be conducted at the same time as the other two, by which means an exact 
circular and plane running of alt important functional surfaces on the workpiece can be 
ensured. 
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